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No one sees the future coming.

This “telephone” has too many shortcomings to be

seriously considered as a practical form of communication.

The device is inherently of no value to us.
— Western Union internal memo, 1878

Heavier-than-air flying machines are impossible.

— Lord Kelvin (1824-1907), British mathematician and physicist,
1895









Figure 1. The global space
economy in context.
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Space launches
To Earth orbit or higher, at October 17th 2018

Launch failures, shown in a lighter colour, were
common in the early years of spaceflight. Today,
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New entrants in the space race have surged
ahead by cutting prices while maintaining
reliability. Chinese and Indian rockets are
considerably cheaper than ageing Russian and
American designs; SpaceX, a new American
firm, charges less than a quarter as much

Soyuz MS-10
Failed to carry crew

to International Space
A Station on October 11th
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The Governments With
the Largest Space Budgets

Government expenditure on space programs in 2022
(in billion U.S. dollars)

United States £ 61.97
China @ G 11.94
Japan O [l 4.90 @
France (p i} 4.20
Russia @ i 3.42 @) d Q
European Union &2 [} 2.60 D
Germany o ] 2.53 =
India @ JJj 1.93 O

Figures for European countries include contributions to ESA and Eumetsat.
Source: Euroconsult - EC

statista %s
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Sources of Space Law

* Traditional Law
 International Treaties
 International Agreements
* National Laws
* National Regulations
* National Policy
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International Law

United Nations Committee for the Peaceful Use of Outer Space

— QOuter Space Treaty — 1967 — a cold war compromise
* No claim of sovereignty allowed
« State responsibility for damage done by private actions

— Rescue and Return Agreement — 1968

— Liabillity Convention for damage done by space objects — 1972
— Registration Convention — 1976

— “Moon Agreement” — 1979 — not widely adopted

United Nations Resolutions (nonbinding)
— Direct Broadcast TV

— Nuclear Power use in space

— Remote Sensing

— Role of National Law
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International Agreements

* Intergovernmental Agreement for the Space Station

Sets the program duties of each partner state
Defines jurisdictional authority over station elements
Sets rules for intellectual property and data security
Defines jurisdictional authority over crew members
Limits liability between partner states

« Multilateral and Bilateral agreements for space cooperation

Brazil and Ukraine for use of Alcantra launch site

Remote sensing ground stations
Scientific cooperation for interplanetary stations and landers

Latest is the Artemis Accords: a series of non-binding multilateral
arrangements between the United States government and 42 other
other world governments as of June 2024 that elaborates on the
norms expected to be followed in outer space.
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Artimus Accords states (June 2024)

CHINA AND RUSSIA HAVE NOT JOINED

B
Artemis accords map

B signatory nation

Created with mapchart.net
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U.S. Constitution - Amendment 10

Amendment 10 - Powers of the States and People

The powers not delegated to the United States by the Constitution, nor
prohibited by it to the States, are reserved to the States respectively, or to the
people.
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TENTH AMENDMENT

was written to emphasize the

LIMITED NATURE
of the powers

DELEGATED

to the federal government.

tenthamendmentcenter.com/about10th




US National Space Law

* Consititution

» Federal Statutes:
— NASA Act — 1958
— Commercial Space Act of 1998
— FCC Act — ITU — communications satellites
— FAA — Commercial Launch Act
— Commercial Remote Sensing Act
— General Jurisdiction extended to US registered spacecraft
— Patent Law extended to US registered spacecraft
— Law controlling crew on the space station

— Export control and national security law

« State and Local Law — What applies in Space?
— Marriage on the MIR — Texas
— Wrongful Death of Astronauts
— Contracts and torts generally are state laws in the USA
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Background

The U.S. space program today has 3 sectors:
— Civil (NASA)
— Military (Department of Defense — CIA — NRO)

— Commercial -Federal Aviation Administration (FAA)
 Licensing and Regulation does not control industry - Market

The commercial sector was created in 1984 with the passage of the
Commercial Space Launch Act.

Responsibility for this sector was given to the Office of Commercial Space
Transportation, which was originally a staff office within the Department of
Transportation.

Today, space transportation is one of the lines of business within the FAA.
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Who Needs a Launch License?

Commercial Space Launch Act of 1984 requires U.S. citizens to obtain a
license prior to conducting the launch of a launch vehicle

Only exception is for missions conducted by and for the government (such
as launches by NASA or the U.S. Air Force)

Over the last 20 years, there have been 170 licensed launches, without
any fatalities or property damage to the uninvolved public.
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Spurring Private Aerospace
Competitiveness and Entrepreneurship
Act of 2015

Signed by President Barack Obama on 25
November 2015 explicitly allows

“US citizens to engage in the commercial
exploration and exploitation of 'space

resources’ [including ... water and
minerals]."

The Act further asserts that "the United
States does not [(by this Act)]

assert sovereignty or sovereign

or exclusive rights or jurisdiction over, or
the ownership of, any celestial body.




Fig. 4 — NASA Cost Analysis Comparing NASA’s Predicted Cost vs. SpaceX
Falcon 9 Actual Costs: >10X Cost Reduction (NASA 2011)

Elements

NASA Model Based Prediction
NASA Approach

SpaceX Actual Performance
Firm Fixed Price Acquisition

Stage One (Including Engines)

Stage Two (Including Engine)

Fee (12.5%)

Program Support (10%)

Contingency (30% Vehicle, 10% Engine))

Vehicle Level Integration (8%)

Total

Weight  DDT&E Flight Unit Total Weight ~ DDT&E  2TestFit Units  Total
(Ibs)  (FY2010 $M) (FY2010 $M) (FY2010 $M) (lbs)  (FY2010 SM) (FY2010 $M) (FY2010 $M)
39,080  $1,535 $206 $1,741 39,080  $188.7 $109.3 $298.0
6,520 $608 $44 $651 6,506 $89.0 $23.6 $112.6
$268 $30 $298 $0.0 $0.0 $0.0
$241 $21 $263 $0.0 $0.0 $0.0
$674 $68 $741 $0.0 $0.0 $0.0
258 $24 $282 $22.2 $10.6 $32.8
45,600 | $3,584 $393 $3,977 45,586 $299.9 | $143.6  $443.4

>10X Cost Reduction
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DAWN OF THE ENTREPRENEURIAL SPACE AGE

Equity Investments From 2009 To Present
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NUMBER OF LAUNCH COMPANIES BY COUNTRY

Data from the SpaceFund Reality rating Launch Database
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Payload capacity

100,000 kg (220,000 Ib; target is 150 metric tons) 100 passengers
Length: 50 m (160 ft)

Production Status: In development

Built: 3 test articles

Range: Anyplace on Earth in 45 minutes; Earth orbit; if refused in space, Moon or Mars


https://en.m.wikipedia.org/wiki/Test_article_(aerospace)







Any sufficiently advanced technology is
indistinguishable from magic.

Arthur C. Clarke

One man's 'magic' is another man's engineering.
'Supernatural' is a null word.

Robert A. Heinlein




EXCALIBUR-ALMAZ Experiment Design “!r Investigation of
- \ NGA ¢ Momentum Exchange with the Vacuum State

www.excaliburalmaz.com

Experimental design of a semiconductor propulsion device using the dynamic Casimir effect to
transfer momentum to an object by interaction with the electromagnetic field ground state.

"One of the most surprising predictions of modem quantum theory is that the vacuum of space is not empty. In fact, quantum theory predicts that it teams
with particles flitting in and out of existence.” Christopher Wilson, Chalmers University, Sweden, in his paper "Observation of the Dynamical Casimir
Effect in a Superconducting Circuit.” arxiv.org/abs/1105,471

If two conductive plates are held close together and parallel to each other they will be pushed together when the gap between them is smaller than the
wavelength of some of the virtual particles. This causes the vacuum pressure inside the gap to be less than the vacuum pressure outside, forcing the
plates together.

This force is the static Casimir effect. It was first measured by two teams in the US in 1998. When the conductors are separated by distance of about
10 atomic diameters, the Casimir force is roughly equal to air pressure at sea level; about 96,000 N per square meter.

Another force, the dynamical Casimir effect, is produced when a single conductive plate is moved at relativistic speed. At slow speeds, virtual
particles can adapt to the conductor's movement and continue to come into existence in pairs and then disappear as they annihilate each other.
However when the speed of the conductor approaches the speed of the photons; i.e. at an appreciable fraction of the speed of light, some photons
become real causing the moving conductor to transfer momentum from empty space and produce light.

It is mechanically impossible to move a large area conductor at relativistic speed over a significant distance. Wilson, cited above, modulated a
superconducting quantum interference device to achieve about 5% of the speed of light over the distance of about a nanometer near a transmission
line a hundred micrometers long. This movement produced microwave photons. It was the first experimental observation of the force produced by the
dynamical Casimir effect.

BACKGROUND

Static Casimir Effect Dymanic Casimir Effect

Fhoton Par

et Conducting Plates

>
5 The device operates by changing the position of the conductive region in a large scale (cm to meters) semiconductor structure by successively applying
=l an electric field at different positions in the semiconductor structure without requiring mechanical motion. Movement of a large area conductor through a
§ large distance at relativistic velocity produces a dynamical Casimir force strong enough to be useful for propulsion and for other purposes.
73
Parameter Estimates - This table summarizes the nominal values of the design parameters so far estimated. h
Quantity Definition Nominal Value
( Exponent in the power law acceleration profile 2 Electronics
ky Upper end of the active wave number range 2x10°m* N
ke Lower end of the active wave number range 03x10:m"
[0 ] Maximum scan frequency 1GHz
te Minimum switching pulse rise time 1ns
v Maximum speed in the acoeleration profile 095¢
74 Total force producing stroke of the acceleration profile 6cm 5 7,
Ny Number of lamiae >10 e sz
F] Lamina thickness 5mm
14 cm.diameter
r; Maximum lamina reflectivity >0.2 ) L
t; Maximum lamina transparency 0.995 <.
L L Circular lamina diameter 14cm J

Tasks Completed

1. Thoroughly review and correct, as necessary, the theoretical analysis
of the force that can be produced by the device, particularly for the
unrestricted (large) amplitude case.

2. Perform design trade-off comparisons, determining force capability,
size, dimensions of the laminae, wavelength range, power
requirements, etc.

3. Researching the literature to identify semiconductor or liquid crystal
devices for which there is a wavelength range where the device can be
switched from reflector to transparency, and vice versa. Estimate the : Access EA Data Detais
achievable active wavelength band, and switching frequency.

4. Witha prelimin ign, nT: n . formul h The theoretical review of the fundamental concepts of the epitaxial device was presented at

& ta' Dtel ]'ary:eSQ l:a;ed upon Tasks (2) and (3), formulate the the Advanced Propulsion Workshop held at the Aerospace Corporation, EI Segundo,

specifications for the manufacturer. Califomia, November 1-3, 2017, and submitted as the paper “An Epitaxial Device for Dynamic
Interaction with the Vacuum State” to the Journal of the British Interplanetary Society.

. PHYSICS/MATH MODEL
S EXCALIBUR-ALMAZ ool GyinTED PERFORMANCE

www.excaliburalmaz.com

The general objective of the study is the determination of specifications for an experimental device consisting of an epitaxial
stack of modest dimensions (< 0.3m), capable of producing forces that are significantly above the threshold of detectability
(between 1 and 10 N). Itis assumed that within certain wavelength bands, the reflectivity of each lamina can be set within a
continuous range from completely reflective to completely transparent. The laminae are also characterized by a finite response
time. These features can be combined so that when the laminae are sufficiently closely spaced, and their energizing processes
are properly phased, a multi-lamina propagating wave of reflectivity can be created that sustains the properties of a continuously
moving mirror.

Nominal Values, except k varied by a factor of 2 Nominal Values, except Zbar varied by a factor of 2
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Calculation of the force produced by the nominal design, Calculation of the force produced by the nominal design,
compared with results produced by varying k,, compared with resulfs produced by varying Z

CONCLUSION

An in-depth investigation of the lamina switching algorithm was performed. From the performance analysis, details of the switching
algorithm were refined, and the greatly improved “one-sided continuous array” design was developed. The updated design significantly
reduces the device complexity and fabrication precision required while permitting much higher peak accelerations of the motion profile
(hence, higher force outputs). Integrating these refinements with the design, we performed trade-off analyses considering the more than
dozen significant design parameters. A nominal design was developed meeting our goal of 1N to 10N force produced by a test device
with size scale about 10cm. The sensitivities of this design to variations in the design parameters was explored. Within the state of our
present knowledge, the nominal design can attain performance well above the edge of detectability, and there is considerable latitude
in selecting design parameters to sustain this capability.

THE FUTURE

Will Excalibur's proposed ‘proof of concept' device produce a
measurable force? If it does, how much force?

If only a few Newtons, it could replace Hall thrusters. If an embodiment of the device could be
built that produces a few hundred kilo-Newtons, it could lift our proposed 32mT space station
directly from the Earth's surface to space without requiring a rocket launch vehicle.

This would be a truly extraordinary result.

|
=
C S

Our goal is to demonstrate momentum transfer to an object
without using propellant. Such an extraordinary result
requires extraordinary proof, which is the purpose of our
experimental investigation.

Ad astra.



Cosmic cornucopia

Asteroids could be a valuable source of metals. In 1994, William Hartmann at the Planetary Science Institute
lestimated the value of a 2-kilometre-wide metal rich asteroid

Asteroid 1986 DA
Value (2012)

v

Composition Value (1994)

Nickel
Plahnum

= }

3x10%kg

30 trillion kg SZS trillion $87.2 trillion

S NewScientist

US debt

S$15.5 trillion

SOURCE : LONOON ME TAL EXCHANCE AT INUM TO0RY
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World’'s Region

AFRICA
AUSTRALIA

HONG KONG $0.34T 0.43%

SINGAPORE $0.32T_0.41% “
0.57%

MALAYSIA $0.31T_0.4%
PHILIPPINES $0.31T_0.39%
PAKISTAN $0.3T 0.38%
BANGLADESH . CHINA
$0.25T 0.31% $1 2_24T

15.4%

ISRAEL 0.44% U N ITE D
ot JAPAN

‘ $4.87T i STATES
NAYE  |man\ 6.13% $19 39T
$0.38T $0.44T ]

SAUDI

Al GERMANY
: INDONESIA $3.68T 24 -4%

$1.02T
MEXICO 1.28%

$115T UNITED
L KINGDOM
$2.62T

LATIN AMERICA
AND CARIBBEAN

MIDDLE EAST
EUROPE
ASIA
NORTH AMERICA

NIGERIA $0.37T 0.47%

$0.64T 0.8% , ]
LAND _ (0. - 9
COLOMBIA $031T 0.39% BE'&%B‘;IT s0g8r S35t SOUTH AFRICA $0.35T 0.44%
$0.4T FINLAND $0.25T 0.32%

CHILE $0.28T 0.35%

EGYPT $0.24T 0.3%
AUSTRIA $0.42T 0.52%

DENMARK $0.32T 0.41%

Article and Sources:

https:/howmuch.net/articles/the-world-economy-2017 h owMu C h .net

http://databank.worldbank.org/data/download/GDP.pdf
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Where do you want your grandch

to be at the end of this century?

Jupiter
1979 - Voyager 1

P .

Callisto Io
1979 - Voyager 1 1979 - Voyager 1

Makemake 2007 OR10

2006 - Hubble
Solar system yearbook

2007 discovered***

i

Saturn
1980 - Voyager 1

Moon
1840 - J. W. Draper*

Haumea
2012 - Keck

Uranus
1986 - Voyager 2
SEL.

£

Europa
1979 - Voyager 1

Charon

2014 - New Horizons

Neptune
1989 - Voyager 2

Triton
1989 - Voyager 2

Umbriel
1986 - Voyager 2

1967 - ATS-3%*

Pluto
2010 - Hubble

Ariel

1986 - Voyager 2

Venus
1974 - Mariner 10

Eris
2006 - Hubble

Dione
1980 - Voyager 1

As of January, 2015. 33 largest objects in the solar system, ordered by mean radius as on http://en.wikipedia.org/wiki/List_of_Solar_System_objects_by_size

Listed is the year of the first high resolution pictures and the spacecraft that took them. The picture is not the first high resolution picture taken, but the best available.

* First photograph ever taken ** First color photograph of the whole Earth *** Objects for which only plates are available, the year of discovery is listed instead

Mars
1965 - Mariner 4

Titania
1986 - Voyager 2

Quaoar
2002 - Hubble

Ganymede
1979 - Voyager 1

Rhea
1980 - Voyager 1

Tethys
1980 - Voyager 1

Titan
1980 - Voyager 1

Oberon
1986 - Voyager 2

Sedna
2004 - Hubble

ldren

Mercury
1974 - Mariner 10

Iapetus
1981 - Voyager 2

Ceres
2004 - Hubble




“Audentes Fortunas Juvat”
Fortune Favors the Bold

We’re not where we want to be,
We’re not where we’re going to be,
BUT we’re certainly not where we
were yesterday.

M.L. King Jr., Jan ‘68
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